In a previous paper (13) we described the kinetics of appearance of pigments and photosynthetic capacity in dark-grown Euglena when the development of proplastids into chloroplasts was induced with optimal intensities of light. These processes were shown to be strongly correlated with the development of lamella structures within the chloroplasts. During the course of this work it became apparent that the developmental process is strongly influenced by light intensity. The present paper describes the extent to which light intensity controls the formation of chloroplast structure, pigments and photosynthetic capacity.
Materials and Methods
Euiglena gracilis var. bacillaris Pringsheimii was grown as described previously (13) Results and Discussion Light Intensity and Photoswithetic Paramieters. To define the optimial conditions for chloroplast de- velopm-nentt. dark-grow-n cells rvere expose(d to intensities froml 7 to 700 ft-c for 100 hours. Since previous experimenits had slhowxn that development proceeds normally undler nondividinlg conditions (13) , mannitol resting mle(liunm was used in all experinments. Figure 1 shows that 0., evolution anlld pigimlent formation reach maximiial levels in the regioni of 100 ft-c all(n higher intensities are inhibitory. At tile lowest intensity mleasured (7 ft-c) -, evolution andl pigimlent production are only about 50% of tile mlaximlum, although 0 evolution on a chlorophyll basis andl the chlorophyll-carotenoid ratios (mole/lmole) are equivalent to those in the cells developing at the optimal intensity. A similar pattern w%as found for CO2 fixation. Dark-grown cells which had developed at 7 ft-c for about 100 hours, fixed 165 and 180 X 103 cpml/ mg C/hour in separate experimlellts or app)roximllately 60% of the amlount fixed by cells which had developed at 100 ft-c (300 X 103 cpm/mg C/hr) (13 typical experiment are shown in figure 3 in whiclh dark-grown cells were exposed to light of 7 ft-c for 87 hours and were then placed at 100 ft-c. After 40 hours at 100 ft-c the cells have attained normal levels for 02 evolution and pigment content. They continue to develop, however, and by 80 hours the cells have exceeded the normal levels for these parameters.
Fluorescence microscopy of the hyperdeveloped cells indicate that there is nmore chloroplast material than normal per cell. This suggests that the hyperlevelopment of photosynthetic capacity is the result of the formation of a greater amount of normlal chloroplast material per cell rather thani the formation of more efficient chloroplasts. This is supporte(d by the data in figure 3 which shows (HRS.) (DAYS) TIME AT I00 F.C. FIG. 3 . Dark-grown cells in maninitol medium (nondividing conditionis) were exposed to 7 ft-c of light for 87 hours. At 87 hours (zero time on the above figures), they were placed at 100 ft-c. The chlorophyll and carotenoid contents, the chlorophyll to carotenoid ratios (mole/mole) and photosynthetic 02 evolution of the cells at various times thereafter are shown. The levels ordinarily achieved by dark-grown cells which have been permitted to form chloroplasts at optimal light intensities (100 to 150 ft-c) are shown by horizontal dashed lines. At the end of about 120 hours, the cells were inoculated into growth medium and were transferred regularly thereafter to keep themn in the log phase of growth. On the basis of our previous work on chloroplast development (1, 5, 6, 8, It appears theni, that chloroplast dexvelopmnenit in Euglena involves at least 2 light reactions, a low intensity step (below 7 ft-c) to initiate developnment an(I a higlh intensity step (32 to 100 ft-c) to complete it. A simlilar situation is found in chloroplast (levelopment in higher plants (4, 7) . The reaction wlhiclh is probably responsible for the initiation of de- velopment in Euglena is the photoredluction of protochlorophyll which has been shown to require extrenmely small amounts of energy (7, 9, 12 Dark-grown Euglena contain proplastids 1 ,u in diameter (1, 2) having double membranes and lacking any appreciable inner structure. When such cells are exposed to the optimal intensity of light, a number of events occur leading to the formation of fully mature chloroplasts. The fine structure of these fully mature chloroplasts has been described by Gibbs (4) . We have previously inferred from both fluorescence and electron microscopy that the development of the proplastid into Oie mature chloroplast takes place by internal forrmation of lamellae and fusioni of proplastids (1, 2 the development of photosynthetic competence also exhibits linear kinetics. This paper describes the development of the ultrastructure of the chloroplast and provides further substantiation for several aspects of our previous model (1, 2).
Euglena gracilis var. bacillaris Pringsheim was cultured in Hutner's pH 3.5 medium (6) or in resting mediuni as described previously (16). All details concerned with the conditions for chloroplast development were the same as described previously (16, 17) .
Samples were prepared for electron microscopy as follows. Cells were centrifuged lightly and the pellets fixe(d in 1.0% OsO in 0.28 Mr veronal acetate buffer at pH 7.3 to 7.6 for 6 to 24 hours at 4°. After fixation, the cells were washed 2 to 3 times with buffer and were dehydrated by successive 15 minute ex-
